Markov Switching Granger Causality methods for some countries in Africa (7 Countries) and Asia(Brunei); Brunei, Cameron, Côte d'Ivoire, Nigeria, South Africa, Togo and Zimbabwe. The results from MS-VAR models show that in regime one, two and three, Electricity Consumption (EC) is the Granger cause of the Gross Domestic Product (GDP) and GDP is the Granger cause of the EC. In sum, we find some evidence of bidirectional GC between the EC and the GDP.
Introduction
The relationship between the energy consumption and the economic growth is important for both developed and developing countries, because energy consumption increases with economic development and the consumption of energy sources improve living standards (Darmstadter, et al., 1979; Schurr, 1982; and Rosenberg, 1983) , a higher level of socioeconomic development is associated with a well developed energy consumption (Kebede, Kagochi, Jolly; . Increasing energy consumption and/or electricity consumption has been identified as an important source of productivity improvement.
Energy consumption has been used as a measure of economic development in some papers and energy consumption is a key factor of production in addition to capital, labor and other factors (raw materials, technology). Rasche and Tatom (1977) specified a production function for the United States. Some papers had been focused to income elasticity and price elasticity of electricity demand as Houthakker (1951) , Fisher and Kaysen (1962) , Baxter and Ress (1968) , Houthakker and Taylor (1970) , Wilson (1971) , Cargil and Mayer (1971) , Anderson (1973) , Mount et al (1973) , Bakırtaş, Karbuz and Bildirici (2000) . However, many papers have accepted electricity consumption as a measure of economic development or growth and these papers have focused on the causality relation. Kraft and Kraft (1978) found the relation between energy consumption and GNP for the 1947-1974 period as one wayfrom GNP to energy consumption by using Sims causality analysis. Akarca and Long (1980) continued the analysis by eliminating the data of 1973 and 1974. Yu and Choi (1985) found no causality relationship between gross national product and energy consumption for the USA, UK, and Poland. Yu, et. al. (1988) , found no relationship between energy consumption and GNP, and also no relationship between energy and employment. In pursuit of these pioneer studies, the other studies have expanded and become diversified.
Following the literature, one may construct four different hypotheses: (1) The neutrality hypothesis states that there is no causality between economic growth and energy consumption. Under the neutrality hypothesis, the policies aimed at conserving energy resources fail to retard economic growth (Asafu-Adaye, 2000; Jumbe, 2004) . (2) The feedback hypothesis states that, there exists a bi-directional causality running between economic growth and energy consumption. Energy consumption and economic growth are complementary, and that an increase in energy consumption stimulates economic growth, and vice-versa. (3) The conservation hypothesis determines the unidirectional causality running from economic growth to energy consumption. When causality runs from economic growth to energy consumption, an economy is less energy dependent, and thus energy conservation policies, such as phasing out energy subsidies, may not adversely affect economic growth (Mehrera, 2007) . (4) The growth hypothesis evaluates the existence of the unidirectional causality running from energy consumption to economic growth Ghosh, 2002) . According to the growth hypothesis, a country's economy is energy dependent; in this case, the reduction of energy consumption will lead to a fall in economic growth because energy consumption is a prerequisite for economic growth, energy is a direct input in the production process and/or an indirect input that complements labor and capital inputs (Ebohon, 1996; Toman and Jemelkova, 2003) . This implies that a negative shock to electricity consumption leads to higher electricity prices or electricity conservation policies has a negative impact on GDP (Narayan and Singh, 2007) .
In these papers, conventional analysis is used: ARDL, Johansen and Engle Granger Cointegration tests etc., but these methods are not suitable in states of structural break and business cycle. One of the shortcomings of these studies is the avoidance of the nonlinear structure of the time series under consideration, especially GDP series which has been extensively evaluated as a measure of economic performance under business cycles. the parameters are assumed to be constant over the sample period in these models, but the world has experienced many crises that affected economic growth.
Esso (2010) used the Gregory and Hansen (1996a, 1996b) testing approach to threshold cointegration for 7 African countries. Kebede, Kagochi, Jolly (2011) estimated dates of structural breaks for African countries. Their results stated that the first structural breaks appeared between 1974 and 1979 (in Libya and Nigeria, the first structural breaks occurred in 1989 just after the stock market crash in the United States and just prior to the Gulf War). Gregory and Hansen's threshold cointegration analysis is not suitable in case of multiple structural breaks.
One way to overcome these problems is to divide the sample into sub-samples, based on the structural breaks; but the exact date of these changes is not known and the researcher must 3 determine it endogenously based on the data. However, there is no guarantee that the relationship between real GDP and electricity consumption changes at the same date of the break dates of the variables (Falahi, 2011; 4165-4170) . In this paper, Markov Switching VAR (MS-VAR) model is used to analyze the relationship between electricity consumption and economic growth. This study can be defined as complementary to the previous empirical papers. However, it differs from the existing literature in some aspects. First, it employs MS-VAR method. Second, it uses Markov Switching Granger Causality analysis. MS-Granger causality approach allows the analysis of causality in different regimes of GDP.
In the next section of the paper, literature review will be presented. In the third section of the paper, the econometric theory will be presented. The fourth section consists of the empirical results. The last section includes conclusions and policy implications.
Literature Review
Although in recent times, some papers about energy economics have focused on African countries, the literature focusing on African countries are relatively rare vis-a-vis papers on European and Asian countries. Lee (2005) analyzed the relationship between energy consumption and GDP by panel estimation techniques for 18 developing countries including sub-Saharan African countries, Kenya and Ghana, and determined the causality running from energy consumption to GDP.. Wolde-Rufael (2005) investigated the long run relationship between per capita energy consumption and per capita real gross domestic product for 19 African countries over the period 1971-2001. The paper also used the ARDL methods and Toda-Yamamoto test for causality and the empirical results suggested that there was a long run relationship for only eight countries, whereas causality exists for only 10 countries. De Vita et. al. (2006) examined the determinants of electricity demand in Namibia. Wolde-Rufael (2009) analyzed the relationship between energy consumption and economic growth for 17 African countries by taking into account labor and capital as additional variables. Odhiambo (2010) assessed the causal relationship between energy consumption and economic growth in three sub-Saharan African countries. Esso (2010) examined the relationship between energy consumption and economic growth for seven sub-Saharan African countries during the period 1970-2007 by using threshold cointegration approach. He found that energy consumption is cointegrated with economic growth in Cameroon, Ivory Coast, Ghana, Nigeria and South Africa. His results of causality tests suggest bidirectional causality between energy consumption and real GDP in Ivory Coast and unidirectional causality running from real GDP to energy use in Congo and Ghana (Kebede, Kagochi, Jolly, 2011) . 4 The results of the studies on African countries in the literature are presented in Table 1 . 
Data
In this study, the relationship between electricity consumption (EC) and economic growth (Y) is investigated by the MS-VAR method with annual data. This study involves seven countries in Africa and one country in Asia for the period 1970-2010. The eight countries 5 covered in the study are Brunei, Cameron, Côte d'Ivoire, Nigeria, South African, Togo, and Zimbabwe. The choice of countries included in the work was based on the availability of data on the variables incorporated. The data is taken from World Bank, IEA, OECD, and U.S. Energy Information Administration.
Methodology
Hamilton (1989) model, which allows positive and negative shocks, is
where is when , and when , and where 2 (0, ) t u iid N  when 1   s t is a discrete variable that takes on the values of 1 or 2.
The Markov chain is ergodic and irreducible; a two-state Markov chain with transition probabilities p ii has unconditional distribution given by (2) As Krolzig (1997; demonstrated, obtaining the impulse response functions in MS-VAR model which has autoregressive dynamics that are independent from the regime are indicated below for a MS(M)-VAR(1) model. Impulse-response function
, and F h and F=P . In this situation, impulse-response function is:
The impulse response function is given by
The Markov chain is ergodic, irreducible and there does not exist an absorbing state, i.e.,
 is ergodic or unconditional probability of regime q.
Markov Switching Granger Causality
Warne (2000) and Psaradakis et al. (2005) determined different definitions of causality based on Grangers causality in the context of Markov switching VAR model. Falahi (2011) used Granger causalities for GDP and energy consumption. Based on the coefficients of the lagged values of LY and LEC in the equation for LEC and LY where L represents the logarithm of the variables, we could determine the existence of causalities between these two variables. In the equation for LEC, if any of the coefficients of LY t be significantly different from zero, in any of the regimes,
it is concluded that LY (LEC) is a Granger cause of LEC(Y) in that regime. Granger causalities are detected by testing
Empirical Results
The tests proposed by Elliott et al. (1996) and Ng and Perron (2001) were used to determine the order of integration of the logarithm of real GDP and electricity consumption. The results from unit root tests are shown in Table 1 . The results indicate that the null hypothesis of unit root cannot be rejected at 5% level of significance for these variables; however, the first difference of LY and LEC appears to be stationary. It can be concluded that the LY and LEC are integrated of order one, I(1). Since the variables are integrated of same order, the maximum likelihood procedure of Johansen can be used to examine the possible existence of cointegration between LY and LEC. The null hypothesis of no cointegration was not rejected. If the variables are I(1) and are not cointegrated, the first difference or innovations of the variables, DLY and DLEC, can be used to test for MS-Granger. 
Business Cycle Characteristics
MSIA(p)-VAR(q) models were selected for Brunei, Côte d'Ivoire , Togo and Zimbabwe and MSIAH(p)-VAR(q) models for Cameron, Nigeria and South-Africa.
The first difference or innovations of the variables is used to Markov Switching-Granger Causality analysis. MS models were selected as Akaike Information Criteria (AIC) and Likelihood Ratio (LR) test. In all models, in order to determine the number of regimes, a linear VAR is tested against a MSVAR with 2 regimes, and the null hypothesis, which hypothesizes linearity, was rejected by using the LR test statistics. Since it was observed that two regime models overruling the linear model are insufficient in explaining the relationships between the mentioned variables, 3 regime models are considered. Therefore, a MSVAR model with 2 regimes is tested against a MSVAR model with 3 regimes; H 0 hypothesis, which 8 specifies that there are 2 regimes, was rejected and MSVAR with 3 regimes was accepted as the optimal model because of the LR statistic was greater than the 5% critical value of The first regime show recession phase in all model and second regime is moderate growth. High growth phase is regime 3.
The estimated models show strong business cycle characteristics. The persistence of regimes is observed to change from country to country. The models track fairly well the oil price crisis of 1974-75, 1979-1980, 1989-1991 and the recent 2008 crisis in Table 2 (but according to our model's result, Nigeria, Togo and Cameron don't track the 2008 crisis). As expected, the total time length of expansion period (Regime 2 and Regime 3) is longer than the total time length for recession (Regime 1).
The transition probability matrix is ergodic and cannot be irreducible because the maximum eigenvalues of the matrix of transition probabilities related to MS-VAR models is one and the other two eigenvalues are less than one, the transition probability matrix is ergodic and cannot be irreducible.
It was determined to MSIAH(3)-VAR(4) for South Africa in Table A1 . As the first regime characterizing the periods, 1970, 1975, 1981 are approximate dates of recessions. The first regime economy tends to last 2.01 years on average, while regime 2 is persistent (2.59 years). High growth periods tend to last 2.56 years on average. Prob(s t = 1|s t−1 =1)=0.5020, Prob(s t = 2|s t−1 =2)= 0.6145 and Prob(s t = 3|s t−1 = 3)= 0.6087 suggest the persistence of moderate growth. The computed probability i.e. Prob(s t = 3|s t−1 =1) = 0.09217 reflects the low chance that a recession is followed by a period of high growth but Prob(s t = 2|s t−1 =1) = 0.4058 reflects the high chance that a recession is followed by a period of moderate growth. Ergodic probabilities shown that dominant regime is the first and transition probabilities, p 11 =0.3007, p 22 =0.3165, and p33=0.3828 report important asymmetries in business cycle.
In Table A2 , MSIAH(3)-VAR(1) model that presents the best econometric performance for Nigeria was established. The transition probabilities, Prob(s t = 1|s t−1 =1)=0.6454, Prob(s t = 2|s t−1 =2)= 0.9302 and Prob(s t = 3|s t−1 = 3)= 0.5167 suggest the persistence of high growth.
Ergodic probabilities have shown that dominant regime is the first and transition probabilities, p 11 =0.1554, p 22 =0.6332 and p 33 =0.2115 report important asymmetries in business cycles.
The MSIA(3)-VAR(4) model that is describe important change determined to important results for Togo in Table A3 . The first regime economy tends to last 2.60 years on average, while regime 2, moderate growth regime, is persistent (17.43 years). Regime 3, which corresponds to the high growth tends to last 4.17 years on the average. The result of Prob(s t = 1|s t−1 = 1)=0.6160, Prob(s t = 2|s t−1 = 2)= 0.9426 and Prob(s t = 3|s t−1 = 3)= 0.7599 have shown persistence of regimes. 9 In Table A4 , MSIA(2)-VAR(4) model that presents the best econometric performance for Zimbabwe was established. Prob(s t = 1|s t−1 =1)=0.6074, Prob(s t = 2|s t−1 =2)= 0.5475 suggest the persistence of recession phase. The regime 2 tends to last 2.21 years on average; the average duration of recession phase is 2.55 years.
In Table A5 for Brunei, MSIA(2)-VAR(2) model was accepted. Regime 1 approximates the dates of recessions. Regime 2 shows growth regime. Dominant regime is the first regime. The first regime of the economy tends to last 19.0 years on average. Prob(s t = 1|s t−1 =1)=0.7663, Prob(s t = 2|s t−1 =2)= 0.6809 suggest the persistence of growth. Ergodic probabilities have shown that dominant regime is the first and transition probabilities, p 11 =0.5772 and p 22 =0.4228 report to important asymmetries in business cycles.
MSIAH(2)-VAR(4) modal established to Cameron in Table A6 . Prob(s t = 1|s t−1 =1)=0.8423, Prob(s t = 2|s t−1 =2)= 0.9490 suggest the persistence of growth regime. The regime 2 is determined to last on average 19.62 years, the average duration of crisis phase is 6.34 years.
The MSIA(3)-VAR(1) model for Côte d'Ivoire described to important results in Table  A7 . The first regime economy tends to last 1.68 years on average, while regime 2 is persistent (17.35 annual). Regime 2 is found to be the most persistent, which is also confirmed by the average duration of each regime. Ergodic probabilities have shown that transition probabilities, p 11 =0.1828, p 22 =0.5170 and p 33 =0.3002 report to important asymmetries in business cycles.
MS-VAR and MS-Granger Causality Result
In MSIAH(3)-VAR(4) for South Africa, the estimated coefficients of electricity consumption innovations (DLEC), and economic growth innovations (DLY) are statistically significant at conventional level in regimes except of DLEC(-4) in equation 1 in regime 2 and DLY(-3) in equation 1 and DLEC(-2) in equation 2 in regime 3. In equation 1 and 2 in regime 1, the coefficients of electricity consumption and DLY are statistically significant at conventional level. There are Granger causality from DLEC towards DLY for equation 1 and Granger causality from DLY towards DLEC for equation 2. According to the first equation, that is the equation for DLY, the DLEC appears to be Granger cause of DLY in regimes and in the second equation, that is the equation for LEC, the DLY appears to be Granger cause of electricity consumption in regimes. In sum, there are bi-directional Granger causality between the electricity consumption and the DLY in regimes. In Table A2 , in MSIAH(3)-VAR(1) model for Nigeria, the estimated coefficients of DLY innovations (DLY) are statistically significant both in the first, second, and third regime. The estimated coefficients of electricity consumption innovations (DLEC) are statistically significant at conventional level in all regimes. However, DLEC(-1) in equation 2 both in regime 1 and in regime 2, and DLY(-1) in equation 1 in regime 3 are statistically insignificant at conventional level. It is found to bi-directional causality. It is appered to be Granger causality from DLEC towards DLY for equation 1 in regimes and Granger causality from DLY towards DLEC for equation 2 in regimes. In sum, we found some evidence of bidirectional Granger causality between the electricity consumption and the DLY in the first, second and third regime.
The MSIA(3)-VAR(4) model for Togo determined that the estimated coefficients of economic growth innovations (DLY) and electricity consumption innovations (DLEC) are statistically significant in equations 1 and 2 in regimes. According to the first equations of the first, second, and third regime, that is, the equation for DLY, the DLEC appears to be Granger cause of DLY and in second equation of the first, second and third regime, the DLY appears to be Granger cause of electricity consumption. In sum, we found some evidence of bi-directional Granger causality between the electricity consumption and the DLY in recessions, moderate growth and high growth periods.
In Table A4 , it was established MSIA(2)-VAR(4) model for Zimbabwe. The coefficients of distributed-lag component of EC variable are statistically significant except of DLEC(-3) in equation 1 in regime 1. The first equations of the first and the second regime, that is, for the equation of LY, the DLEC appears to be Granger cause of economic growth. It is determined that Granger Causality exists from EC to DLY in equation 1 in Regime 1 and 2. According to the second equation obtained for the first and the second regime, that is, the equation for LEC, DLY appears to be Granger cause of energy consumption, and the direction of causality is from DLY to DLEC for Equation 2. In sum, we found some evidence of bidirectional Granger Causality between the energy consumption and the DLY in recessions and moderate growth periods.
In MSIA(2)-VAR(2) model for Brunei in Table A5 , the estimated coefficients of DLEC and DLY are significant both in the first regime and in the second regime. In the first and second regimes, the electricity consumption appears to be the Granger cause of DLY in equation 1 and DLY appears to be the Granger cause of electricity consumption in equation 2. In sum, we found some evidence of bidirectional GC between the energy use and the DLY in all of the regimes estimated.
According toMSIAH(2)-VAR(4) model for Cameron in Table A6 , all coefficients are statistically significant. The estimated coefficients of the innovations for the energy consumption (DLEC) are statistically significant in Equation 1 for the first, second and third regimes. DLY coefficients are statistically significant at the conventional significance levels in Equation 2 for regimes. In sum, we found some evidence of bi-directional GC between the electricity consumption and the DLY in all of the regimes estimated.
The MSIA(3)-VAR(1) model that describes important changes, implies important results for Côte d'Ivoire. The estimated coefficients of electricity consumption innovations (DLEC) are significant both in the first regime, in the second regime, and in regime 3. In the first equations in all regimes, i.e. the equation for DLY, the EC is determined to be the Granger cause of economic growth. In the second equations in regimes, i.e. the equation for DEC, the DLY is determined to be the Granger cause of electricity consumption. In sum, there is some evidence of bidirectional Granger Causality between the electricity consumption and economic growth.
Traditional Granger Causality Result
For comparison, the standard Granger causality test was tested for same data sets. The results are reported in Table 5 . There is evidence to support the growth hypothesis for Brunei. There is a unidirectional relationship from electricity consumption to real GDP, which means that electricity consumption acts as a stimulus to economic growth. There is evidence to support the conservation hypothesis for Togo, Zambia and Zimbabwe. Bi-directional causality was confirmed for Nigeria, South Africa. 
Conclusion
To analyze the Granger causality between electricity consumption and economic growth in some African and Asia countries, Markov Switching VAR method is used. It is possible to detect the changes in the behavior of the variables with MS-VAR models. Different MS-VAR models are estimated and the best model is selected based on AIC and LR test. The first difference of these variables is used in the modeling process. The results from these models show that in regime one, two, andthree, EC is the Granger cause of the GDP and GDP is the Granger cause of the EC. In sum, we found some evidence of bidirectional Granger Causality between the EC and the GDP.
The results highlight the importance of electricity consumption policies on economic growth, economic development and welfare. The current energy policy and the electricity sector restructuring process should be designed to meet this goal. The energy policies aimed at improving the energy infrastructure in the context of our findings regarding the MS-VAR method suggest that increasing the energy supply lies ahead as an appropriate option for economic growth.
As Nondo, Kahsai, Schaeffer (2010) stated, it is reasonable to conclude that, one factor explaining African countries' poor economic growth is the lack of investments in energy infrastructure and services. Thus, the current low investment in energy infrastructure may be an obstacle that may prevent some African countries from reaching the Millennium Development Goals. The energy related problems are and will be crucial policy issues for African countries. 
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